The seesaw mechanism to derive the light masses of left-handed neutrinos using heavy masses of right-handed neutrinos gives rise to a connection between low-energy measurables and GUT-scale mechanism. We expresses the neutrino mixing angles in terms of a single variable sin θ 13 , whose size was measured recently. The lepton asymmetry from heavy neutrinos via Yukawa coupling is described by CP phases in both Dirac and Majorana type. It is shown that the seesaw scale relevant to the lepton asymmetry can be constrained by CP phase in this minimal model.
I. INTRODUCTION
The transformation between three active neutrinos of Standard Model(SM) and massive neutrinos is almost understood from the measurements of three mixing angles except a CP phase [1] [2] [3] [4] . The current global analysis presents the following best fits: sin 2 θ 12 = 3.08 × 10 −1 , sin 2 θ 23 = 4.37 × 10 −1 , and sin 2 θ 13 = 2.34 × 10 −2 for normal hierarchy mass ordering(NH), i.e., assuming m 1 < m 2 < m 3 [5] [6] [7] . The current knowledge on neutrino masses is still nothing but the mass-squared differences, m Recent measurements of the third mixing angle θ 13 have been naturally followed by search of the CP phase in Pontecorvo-Maki-Nakagawa-Sakata(PMNS) . The CP conservation at 3σ confidence level(CL) has been excluded by the result of T2K [8] . A next-generation oscillation experiment is rushing to narrow down the range of δ, the CP phase of PMNS matrix [9] .
Leptogenesis is a theory regarded as an explanation of the Baryon-antibaryon Asymmetry in Universe(BAU) [10] [11] [12] , in which an indirect test is possible. If the decays of heavy Majorana neutrinos via Yukawa couplings are the sources of leptonic CP violation and the heavy neutrinos are the elements in seesaw mechanism [13] [14] , some parameters can be tested phenomenologically [15] . It is worthwhile to examine the implication of the sizes of θ 13 and δ in a canonical leptogenesis model. Seesaw mechanism is a top-down approach in which the light neutrino masses are obtained through Grand Unified Theory(GUT)-scale mechanism [16] . In this work, bottom-up approach is taken to probe the lepton asymmetry of heavy-neutrino decays in high-energy scale by using the masses and the mixing angles of light neutrinos in low energy.
In order to see the effect from the definite size of θ 13 on the high-energy asymmetry, all the elements of PMNS matrix are expressed in terms of a single variable sin θ 13 except CP phase. One of the minimal choices is made for seesaw mechanism, which is that Yukawa matrix is constructed only with two right-handed neutrinos. We found the way to express 3 × 2 Dirac mass matrix by matching the light neutrino mass matrix obtained from the seesaw mechanism to the low energy neutrino mass matrix in weak interaction basis. Our previous work on the seesaw mechanism in bottom-up approach was also based on 3 × 2 structure for Dirac mass, although a texture zero in matrix was forced [17] . This work is outlined as follows: The neutrino mass matrix is constructed with masses and unitary transformation in Section II. We derive a mass matrix using the seesaw mechanism and CP asymmetry from the decay of right-handed neutrino via Yukawa coupling in Section III. In Section IV, We examine the dependency of the lepton asymmetry on low-energy parameters.
It is worthwhile to discuss the correlation of the lepton asymmetry with CP phases in PMNS matrix. In conclusion, we summarize the relation of the lepton asymmetry with low-energy measurables and the possibility to narrow down the models of seesaw mechanism.
II. LOW-ENERGY CONSTRAINT
The PMNS mixing matrix for 3 generations of Majorana neutrinos is given bỹ
where each R is a rotation matrix with a mixing angle θ ij between i-th and j-th generations. According to the standard parametrization, the Dirac phase is combined with θ 13
as R (θ 13 , δ) in the PMNS matrix. A diagonal phase transformation P (ϕ 2 , ϕ 3 ) is given by Diag 1, e iϕ 2 /2 , e iϕ 3 /2 . The Majorana phases ϕ 2 and ϕ 3 can be a part of the mass matrix of light neutrinos in the following way:
where 
where s ij and c ij denotes sin θ ij and cos θ ij .
The measurement of θ 13 from recent reactor anti-neutrino detection allows the following conditions:
Such deviation from bi-maximal mixing scheme was introduced in a number of models. By substituting Eq. (4) and Eq. (5) into Eq.(3) the neutrino mixing matrix in the leading order can be written as; 
The quantities related to the imaginary part of PMNS are Jarlskog invariant J CP and effective electron neutrino mass < m ee >. Jarlskog invariant evaluates the magnitude of CP asymmetry from Dirac phase, which can be estimated from oscillation probability in appearance experiments. Thus, from U in Eq.(6), the size of J CP is expressed in a simple combination of s 13 and Dirac phase δ as follows,
The effective electron neutrino mass < m ee > is the only neutrino-dependent factor to determine the amplitude of neutrinoless double beta decay.
+ m 3 cos (2δ + ϕ) s
Since the < m ee > of normal hierarchical masses is far below the sensitivity pursued by on-going neutrinoless double-beta decay experiments, we do not discuss it any longer in this work.
III. YUKAWA INTERACTION AND SEESAW MECHANISM
Canonical model of seesaw mechanism to suppress neutrino masses below 1 eV using heavy neutrino mass scale requires SU (2) Higgs doublet, whose existence was definitely confirmed. The lagrangian density for seesaw mechanism consists of Yukawa couplings of leptons and lepton-number-violating Majorana mass terms of right-handed heavy neutrinos.
The minimal model that assumes CP violation from heavy neutrino decay through Yukawa coupling requires at least two right-handed neutrinos. We consider the following particle contents: N R = (N 1 , N 2 ) in the basis mass matrix M R is diagonal, and ν l = (ν e , ν µ , ν τ ) in the basis Yukawa coupling of charged leptons Y is diagonal. The L consists of a 3 × 3 matrix Y , a 3 × 2 matrix Y ν and a 2 × 2 matrix M R , which naturally result in zero mass for one of light neutrinos through the seesaw mechanism [16] ,
In bottom-up approach, it is possible to trace the matrix Y ν in terms of light neutrino masses and mixing angles using the seesaw mechanism in opposite direction. When the 3 × 2 Yukawa matrix is given by
the Yukawa couplings are imbedded in symmetric neutrino mass matrix in the following way: 
where M 1 and M 2 are the masses of N 1 and N 2 , respectively, and v is the vacuum expectation value of H.
In comparison of the M ν in terms of low-energy physical parameters Eq. (7) with the M ν in terms of Yukawa couplings Eq. (14), we obtained the following relations; 
where i denotes a generation. If the scale of M 1 is far below M 2 , the CP asymmetry is solely obtained from the decay of M 1 [12, 14] . Hence, the asymmetry is replaced by just 1 whose magnitude is given by
where f (M 2 /M 1 ) represents loop contribution to the decay width from vertex and self energy. In the Standard Model, it is given by
which can be approximated to 3/2x for sufficiently large x. Then the asymmetry 1 in Eq. (18) can be written as
for M 1 M 2 . The ∆ 1 factor that depends on Yukawa couplings is 
Then, the ratio of heavy Majorana neutrino masses is eliminated in 1 , so that one can have 1 = 1 (δ, ϕ, s 13 ) regardless of the relative mass scale of heavy neutrinos.
IV. LEPTON ASYMMETRY
The baryon density of our universe Ω B h 2 = 0.02240 from nine-year Wilkinson Microwave Anisotropy Probe(WMAP) data indicates the observed baryon asymmetry in the Universe [18] ,
where n B , nB and n γ are number density of baryon, anti-baryon and photon, respectively.
The baryon asymmetry Eq.(23) can be rephrased by
with the entropy density s in order to take into account the number density with respect to a co-moving volume element. The baryon asymmetry produced through sphaleron process is related to the lepton asymmetry [11] by asymmetry, and κ, the dilution factor from washout process.
where g * 110 is the number of relativistic degree of freedom.
The κ in Eq. (25) is determined by solving the full Boltzmann equations. The κ can be simply parameterized in terms of K, which is defined as the ratio of Γ 1 the tree-level decay width of N 1 to H the Hubble parameter at temperature M 1 , Γ 1 /H. The condition K < 1 describes processes out of thermal equilibrium and κ < 1 describes washout effect [11] ,
The decay width of N 1 by the Yukawa interaction at tree level and Hubble parameter in terms of temperature T and the Planck scale
which reduces to 
which implies that the thermal effect is a matter of mass scales while the CP asymmetry is a matter of complex mixing of particles.
In this framework of bottom-up approach, some of low energy quantities can be fixed by best fit in global analysis,
where their 3σ-ranges are given by (0.164 − 0.192) and by (0.133 − 0.171), respectively.
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